Agriculture is a highly important economic activity in the world. Among the agricultural products of Turkey, hazelhazelnut is an important product for Turkey's economy. More than 60 percent of the world hazelhazelnut production is made in Turkey. In this study, hazelhazelnut production in Düzce is examined in terms of possible climate effect in future. Because, Düzce is one of the important provinces in hazelhazelnut production. In th study, as a method, descriptive survey model has been used. In this method, existing situation on a subject is interpreted by searching. For this purpose, interpretation has been made by taking datum as to research from Ministry of Food, Agriculture and Livestock and Turkey Statistical Institute. These datum have been compared with weather data. In Düzce and in Turkey, hazelhazelnut production changing by years has been determined. It is seen that the largest factor to this is unexpected freeze and change of rainfall. It is reasoned that possible temperature increase in future and the effect of drought in Turkey and in Düzce that can effect agriculture of hazelhazelnut. Because, hazelhazelnut is selective and sensitive plant in terms of climate.
MATERIAL AND METHOD
Firstly a literature review was made in the study. Then, the climatic properties of Düzce were determined in the light of the data received from General Management of Meteorology. In preparing the cartographic material of the study, the ArcGIS 10.3 GIS (Geography Information System) package program was made use of. In addition, relevant data were received and interpreted from TUIK, Ministry of Food, Agriculture and Animal Husbandry, TMO and General Management of Meteorology.
The descriptive review method was made use of in the study. In this method, a situation on a topic is investigated and interpreted. These kinds of research are conducted by collecting systematic and regular information on the study topic. In a descriptive study, the aim is to reveal the existence or inexistence of a certain situation. The results of descriptive studies, the tables, graphics are interpreted, and the issue of whether there is a correlation between the variables or not is investigated (Arseven, 2001) . Graphics and percentage tables may be made use of. The descriptive surveys try to explain what certain properties of events are in a one-by-one manner, or explain how two or more attributes are at relational level.
FINDINGS AND DISCUSSION

The Ecology of Hazelnuts and the Properties of Cultural Species
Hazelnut is a husked fruit and belongs to the Corylus species in Betulaceae of the Fegales. Mamıkoğlu (2011) stated that hazelnut was a plant that made more than one trunk, and it rarely had 50-60 cm diameter, and with these properties it was accepted to have the qualities for being considered as a tree. A hazelnut tree is a bushy tree and loses its leaves in winter, has a wide top and may have a height of 6-7 meters. It is observed very rarely and it has a height of 15-20 m. An important part of the hazelnut types that are taken under culture production in Turkey are the hybrids of Corylus maxima and Corylus avellana. These species still spread naturally in humid forest media in bushy form as a forest fruit. It is stated in historical documents that hazelnuts were produced 2300 years ago in the Black Sea shores in the northern part of Turkey. It is known that hazelnut has been exported to other countries for the past 6 centuries from the Ottoman period until our present day.
Since the hazelnut tree under culture production has problems in growing in smooth areas because of the lack of ground water, the areas that have an inclination at a rate of 5% are the best production areas for hazelnut. The hazelnut tree likes loamy soil, humus and the soil types that are rich in plant hazelnutrients as the texture of the soil to grow in. It is important that the pH level of the soil is between 5,5-7. In case the values are below or over this limit, the hazelnut tree cannot grow well in the desired amount.
Since the hazelnut tree is a plant of areas with a good precipitation, it has a fibrous root system. The roots may develop in the direction of the slope and towards the sides at a rate of 2-3 m; or opposite the slope at a rate of 1-1,5 m; or in plain areas, towards any direction at a rate of 2-3 m. Although 70% of the roots are located in the 15 cm in the soil, it is ideal that the depth of the soil is 80 cm for the purpose of covering the water and hazelnutrients in dry periods, and to hold the plant against winds and snow piles.
The precipitation in our country is over 700 mm, the areas where precipitation regimen is distributed regularly over months cover the water needs of the hazelnut tree. The temperature and humidity demands of the hazelnut tree are between average temperature 13-16ºC, when the minimum temperature does not go below -8 and -10ºC (at -15ºC, the branches of the hazelnut tree dies completely), and when maximum temperature does not exceed 36-37ºC. The relative humidity must not fall below 60% during summer months, which is the ideal medium for hazelnut cultivation. In places with high humidity, hazelnut cultivation gives better results. In areas where the temperature drops below 2ºC, the yield is lower. In addition to the abovementioned climatic conditions, the hazelnut cultivation is made in an economic manner where the elevation is between 0-750 m. It is possible to claim that the cultivation of hazelnut is not economic in areas that are over 750 m because late frost events are experienced more frequently in these areas and there are lower temperature values. These areas are considered as the examples of misused fields.
The hazelnut types that are cultivated in an economical manner are in the form of branches, and they may grow up to 5-6 m when they find proper ecological conditions. However, the most important thing in the cultivation of hazelnut is the sideward development of the branches and the twigs rather than the vertical growth of the tree; and the tree must have fruits from the branches that are higher than 50 cm from the ground to the top. For this purpose, the plants must receive adequate light.
There are three groups of hazelnuts, which are round hazelnuts, sharp hazelnuts, and almond hazelnuts. The mostcommonly cultivated type is the round (plump) hazelnut. The hazelnuts are divided into classes in commercial and quality terms which are Giresun Quality and Levant Quality.
Giresun Quality: The round and the plump hazelnut that are cultivated in the whole of Giresun, and the ones grown in Beşikdüzü, Vakfıkebir, Çarşıbaşı and Akçaabat counties of Trabzon. The highest quality hazelnuts in the world are grown in these areas.
Levant Quality: This is the name given to all hazelnut types grown in areas except for the Giresun Quality hazelnuts. These hazelnuts are named after the areas where they are grown, like Levant Akçakoca (Düzce), Levant Ordu, Levant Trabzon and Levant Samsun; and although they contain less plump than the Giresun Quality hazelnuts, they still have plump more than the other countries and are more delicious than them.
It is known that the history of the cultivation of hazelnuts is based on ancient times along the Eastern Black Sea Region, and the cultivation started in other areas by the people who migrate from these areas. In newlyestablished gardens, The Çakıldak Hazelnut, which is common in Ordu, has several qualities like high yield. It is not influenced by late frost events in spring and is not selective in terms of the soil to grow in. It can grow even in high areas although the taste and plump quality of it is lower than the others (the plump rate of the round hazelnut is 69-72% while it is 58-63% in Çakıldak Hazelnut). This is preferred by the producers in new gardens because it is an attractive type with the abovementioned properties. It is called Delisava in Western Black sea Region, and has another characteristic, which is the lower need for light when compared with the other types. For this reason, it is possible to receive a good yield even in gardens that are not cared well. With all these superior characteristics, it is cultivated widely in the Western Black Sea Region.
Hazelnut in the World and in Turkey
Turkey ranks the first in Hazelnut production in the whole world with nearly 65%. Nearly 80% of the hazelnuts produced in Turkey are grown in the Black sea Region. Although it varies between years, the top 5 cities where hazelnuts are produced at the highest rates are Ordu, Giresun, Samsun, Düzce and Sakarya. These 5 cities produce nearly half of the world hazelnut production. There are more than 350 million hazelnut trees in Turkey.
The planting areas are around 650 thousand ha (http://www.fiskobirlik.org.tr/findigin-kullanim-alanlari/).
Hazelnut is used in chocolate industry, biscuit, candy, sweet, pastry and ice-cream industries at a rate of 80%. In addition to these, it is also used for oil production for cooking and as eating for pleasure i.e. appetizer. Its shell is used as firewood, in contralite production, and in paint industry. Its leaves and involucre are used as fertilizers in hazelnut gardens and in cultivation areas.
Hazelnut cultivation is generally performed in small areas in Turkey as family businesses. Hazelnut cultivation has been the field of commercial activity for about 400 thousand farmers in an area more than 600 thousand hectares in Turkey. It influences more than 6 million people in Turkey directly or indirectly (Özcüre, 2012; Sıray, 2013) . The production and commerce of hazelnut have had a great importance in the economy of Turkey since very old times. The dried form -whether it is hulled or not-is among the traditional products of Turkey sold outside Turkey. It is one of the three important products in the foreign trade of Turkey together with cotton and tobacco. This is a result of the rank of Turkey in the world as the first hazelnut producer (Doğanay, 2012) . The hazelnut is wrapped with a hard shell and may be consumed both as a fresh fruit and as a dried fruit, and it may also be consumed as an additive in chocolate making, or in various creams, smashed appetizers and in similar forms. It is a hazelnutritious food for human diet. It is rich in proteins and vitamins, and the fruit contains 60% and 80% plump, 12% and 14% protein, and 12% carbohydrates (Açkurt, 1996) .
Turkey is the first country in the world in terms of hazelnut production. Nearly 65% of the hazelnut production in the world is covered by Turkey every year. Italy, Azerbaijan, USA, Georgia and Spain come after Turkey in hazelnut production in the world (Table 1) . Climate is an important factor in the fluctuation in hazelnut production in years. Late frost events in spring are also among the major reasons for the fluctuation in hazelnut production. Turkey is the country with the highest rate of cultivation area for hazelnut in the world. The most important factor in this is the fact that the ecological conditions of Turkey fit this plant (Table 2 ). Ordu and Giresun are monoculture areas as a planting area for hazelnuts in the Black sea Region. It is a condition to have hazelnut production areas as well as to have quality hazelnuts in the world. Turkish hazelnuts have these requirements in the world in this sense. Total  2003  571791  68113  21583  17812  11331  5500  28143  724243  2004  614993  67506  20590  17971  11502  4600  38426  775588  2005  622525  67743  20343  18228  11432  9000  41044  790345  2006  629798  69685  20000  17379  11462  13000  39848  801172  2007  663817  72314  16802  19994  11574  12000  40000  808900  2008  663192  71050  15411  21577  11493  10000  32500  830635  2009  642866  70526  14536  22193  11614  12000  33000  841333  2010  667865  55904  13802  22691  11736  15000  34900  870331  2011  696964  70492  14067  23242  11938  15500  35100  903864  2012  701407  57992  14000  23768  11890  12400  37186  878643  2013  702144  70492  15000  23250  11462  15500  40000  877840  2014  701141  71200  15000  23000  12500  18000  43350 Turkey ranks the first in the world in hazelnut production, and has the biggest share in exporting hazelnuts (Table 3) . Turkey exports hazelnuts firstly to Germany (25,23%); Italy (20,25%) and France (10,21%) (http://www.ordutb.org.tr/pdf/FINDIK%20IHRACATI%20/). The most important reason for this is the fact that these countries have a developed chocolate industry. Turkey exports the majority of its hazelnuts in hulled form because EU has 3% customs duty for husked hazelnuts (Özcüre, 2012; Sıray, 2013) . Turkey ranks the first in hazelnut production in the world according to the average data of 2001-2011 with over 65% share. Turkey has an important share in hazelnut trade; and received a profit from hazelnuts at an amount of $1,8 billion in 2012.
According to the average values of 2002-2012, the share of hazelnut and hazelnut products in the agricultural sector in Turkey was 12,45% (Özcüre, 2012; Sıray, 2013) . Hazelnuts are grown in nearly 650 thousand hectares of land in Turkey by nearly 400 thousand families; and more than 1700 tradesmen perform hazelnut trade, and hazelnuts are processed in 156 factories. It is obvious that hazelnut production is an important sector in Turkey (Bozoğlu, 2003; Özcüre, 2006) . Italy, USA, Azerbaijan, Georgia, and Spain have important shares in hazelnut production as well as Turkey in the world. The mild (temperate) climate of these countries ensures the cultivation of hazelnuts. The amounts of production in these countries are given in Table 1 .
As it is seen in Table 2 , the areas where hazelnut is grown are inclined to increase in the future. This may be explained both with the increase in hazelnut production and with the improvements in the industry based on hazelnut such as chocolate industry. In addition, the export of hazelnuts by Turkey and the related revenues show a general increase. The economy that is based on hazelnut has a constant inclination to increase.
Hazelnut -Climate Relation in Düzce and its Vicinity
The temperature and precipitation values in and around Ordu and Giresun where hazelnut is grown with monoculture method are at adequate levels. For this reason, it is possible to claim that the ecological demands of hazelnut have been obtained at optimum values in Ordu and Giresun. In addition to these, Ordu, Giresun, Samsun, Sakarya and Düzce where hazelnut production is at the highest rates have similar values in terms of their temperature regimes. The average temperature in winter in these cities is around 5-8˚C, in spring around 12-14˚C, in summer around 21-24˚C and in autumn around 16-18˚C.
The annual precipitation amounts in Ordu and Giresun are higher than the annual precipitation values of Düzce (Düzce; 822mm, Ordu;1035mm and Giresun; 1266 mm). However, among these cities, Düzce is the hazelnut production center which has the lowest winter temperatures. The average temperature in Düzce in December is 5,8˚C; in January 3,8˚C; and in February 5,2˚C. The average winter temperature value in the other cities is at and over 7˚C. Summer temperature values of Düzce show similarities to the ones of the other cities. In terms of temperature values, Düzce is actually in the limit values when compared with the other cities. The temperature values below the current ones might produce negative influences. A possible temperature and precipitation change in Düzce may influence agriculture and therefore the hazelnut production (Sözen, 2016) . When the past 56 years' process when climatic records were kept at a regular basis is examined in Düzce, it is observed that the average temperature values and precipitation values have changed according to the Düzce Meteorology station data. While the temperature values increased, the precipitation amount had the inclination to decrease. This situation is shown in Tables 5-6 and Graphics 2-3 below. Similar increases in the temperature values were also determined in minimum and maximum temperature averages. According to these data, Düzce is inclined to become a warmer and drier city in the future years.
The increase in the temperature may shorten the ripening period of hazelnut, and thus, bring the harvest time forth. However, if the precipitation decrease becomes significant, and if the temperature values increase, the optimum values that are demanded by the hazelnut may be lost, which will result in disrupted yield and quality values. In addition, the increase in winter average temperatures might bring the blooming period of the hazelnut trees forth. The blooming period of the hazelnut tree may swift to early March or late February. This situation will increase the risk of the trees to be affected by frost and might damage the blooms. In interviews made with the Provincial Agriculture Management officials, it was learnt that the period in which the hazelnut tree received the highest damage was the years when winter temperatures were over the average values. In case the annual average values continue to increase, the blooming period may occur earlier. This situation may cause that the production is influenced more by the frost events in February and March.
The frost events observed in hazelnut trees gave rise to the Agricultural Insurance system in Düzce and its surroundings, and the farmers insured their products. In 2013 and 2014, both the Provincial Agriculture Management and insurance company officials investigated the fields for frost damage. It was understood that there was 15% loss in the product rates in 2013, and 30% in 2014. The year 2008 was the most productive year in terms of the yield in hazelnut production. When Table 4 is examined it is observed that the hazelnut production decreased at an important level in 2013 and 2014 in Düzce.
Graphic-1. Turkey's Hazelnut production Amount and Cultivation Areas in Years
Source: TUIK (2016) As it is observed in Graphic 1, the hazelnut production in Turkey differs between years. The yield changes occur between years mostly due to temperature values. Especially unexpected frost influences the production in a negative way, and causes that the production values decrease. It is also observed in Graphic 1 that the hazelnut planting areas show a regular increase. However, it is also clear that the amount of the hazelnut show variations in years. It is also clear in Table 4 that the production rates differ in cities through years. This situation stems from the characteristics of the hazelnut tree as well as from unexpected frost. between 1960-1989 and 1990-2015 according to months and seasons (Sözen, 2016) Graphic-3. Precipitation in Düzce for 1960 -1989 and 1990 -2015 periods in Months (Sözen, 2016 Source: The General Directorate of Meteorology (https://www.mgm.gov.tr) 1960 -1989 and 1990 -2015 periods (Sözen, 2016 It is observed that there were no changes in the general distribution of the precipitation regime between 1960-1989 and 1990-2015 . The highest precipitation was in winter and the lowest precipitation was in summer season.
This situation in precipitation regime shows a difference from the Black Sea Region.
Between 1960-1989 and 1990-2015 , the average precipitation in December, January and February decreased to -7,45 mm; however, there were no changes in the precipitation in these periods in spring months. In summer months, there was an increase at a rate of -3,60mm, and in autumn months there was an increases at a rate of +13,55mm. In this context, it is possible to claim for the precipitation regime that there was an increase at the average values only in the autumn, and there were no changes in spring; and there were slight decreases in average values in the precipitation in winter and summer. When the total precipitation average values for the 1960-1989 and 1990-2015 are compared, it is observed that the total average precipitation amount for 1960-1989 period was 69,9 mm; and the total average precipitation for 1990-2015 period was 67,38 mm. There was a decrease between the precipitation averages of these years in terms of monthly average values at a rate of 2,52mm, and in annual total values at a rate of 30,24mm. This decrease in the precipitation amount may be considered as being important. This situation may influence the hazelnut production in Düzce in a negative way.
Graphic-4. Hazelnut Production amounts and planting areas in Düzce in Years
Source: TUIK / http://www.tuik.gov.tr
When Graphic 4 is examined it is observed that the hazelnut planting areas in Düzce have not changed a lot in the past decade; however, the production amounts differed at a great level in years. This situation stems from the characteristics of the hazelnut tree, which occur in the form of high yield in one year and lower yield in the other year and frost.
RESULT AND RECOMMENDATIONS
 Turkey is a country where hazelnut production and the hazelnut plant areas are at the highest level. In addition to this, the hazelnut grown in Turkey has an extreme quality. The climatic conditions are influential in this.
Hazelnut is a selective plant in terms of climate.
 Hazelnut is extremely important in the economy of Turkey. The hazelnut export rates in Turkey are the highest levels in the world. The export to the countries whose chocolate industry is developed has a high rate.
The demand and the need to the hazelnut are increasing with the increasing population all over the world. The changes in the supply-demand balance influence hazelnut prices and revenues that depend on the export of hazelnut in Turkey.
